Flavonoids are a group of polyphenolic compounds, which have the diphenylpropane (C 6 -C 3 -C 6 ) skeleton, ubiquitously found in fruits and vegetables. The flavonoid family includes flavones, flavonols, flavanones, flavanonols, flavans, flavanols, leucoanthocyanidins, anthocyanidins, aurones, chalcones, and isofavones. The structural difference in each flavonoid family results from the variation in the number and arrangement of the hydroxyl groups and the extent of glycosylation of these groups.
Flavonoids are a group of polyphenolic compounds, which have the diphenylpropane (C 6 -C 3 -C 6 ) skeleton, ubiquitously found in fruits and vegetables. The flavonoid family includes flavones, flavonols, flavanones, flavanonols, flavans, flavanols, leucoanthocyanidins, anthocyanidins, aurones, chalcones, and isofavones. The structural difference in each flavonoid family results from the variation in the number and arrangement of the hydroxyl groups and the extent of glycosylation of these groups. 1) Epidemiological studies suggest that the consumption of flavonoids is effective in lowering the risk of coronary heart disease. [2] [3] [4] In addition, the flavonoids exhibit a wide range of biological activities, including anticarcinogenic, antiinflammatory, antiradical, and antioxidant actions. Especially, they may exert antioxidative effects as free radical scavengers, hydrogen-donating compounds, singlet oxygen quenchers, and metal ion chelators, properties attributed to the phenolic hydroxyl groups attached to the ring structures.
Nowadays, it is reported that a reactive oxygen species (ROS) is implicated in a wide range of human diseases such as atherosclerosis and certain cancers. When an imbalance between ROS generation and antioxidants occurs, oxidative damage will spread over all the cell targets (DNA, lipids, proteins). 5) Antioxidants in foods and medicinal plants (or herbs) have attracted interest in recent years. Flavonoids given as biological substances in foodstuffs may contribute to the prevention of diseases, although they do not have strong biological activities. [6] [7] [8] In the preceding paper, 9) we reported the antioxidative effects of flavon C-glycosides isolated from young green barley (Hordeum vulgare var. nudum) leaves. Herein, we present antioxidative effects of various types of flavonoids obtained from some medicinal plants, using DPPH (1,1-diphenyl-2-picrylhydrazyl) radical scavenging activity by ESR.
MATERIALS AND METHODS

Flavonoids
Flavone C-glycosides, isovitexin (1), saponarin (2), isovitexin 4Ј,7-diglucoside (3), isovitexin 7-rhamnosylglucoside (4), 6ٞ-sinapoylsaponarin (5), 6ٞ-feruloylsaponarin (6) and 4Ј-glycosyl-6ٞ-sinapoylsaponarin (7) were isolated from young barley leaves. 9) A flavone, baicalin 10) (8) was obtained from Scutellariae Radix (Scutellaria baicalensis). Flavonols, quercetin (9), kaempferol (10) and rutin (11) were obtained from Sophorae Flos (Sophora japonica).
11)
Flavanols, gallocatechin (12) was obtained from Ephedrae Herba (Ephedra sinica) and epicatechin (13) and their polymers (14-16) were from cinnamon (Cinnamomum cassia).
12) Isoflavones, 13) daidzin (17), genistin (18) and glycitin (19), and their metabolites 14) (20-25) were obtained from soybeen (Glycine max). Flavonolignans, silybin (26) and silychristin (27) were isolated from a silymarin group (Silybum marianum).
15) (Fig. 1 ). DPPH Radical Scavenging Activity by ESR The DPPH radical scavenging activity of a test sample was estimated by ESR according to the method of Tateyama et al. 16) Various concentrations of these flavonoids in DMSO were added to 150 mM DPPH radical in ethanol and mixed for 10 s. After further mixing for 60 s, ESR spectra were recorded using a JEOL at 100 KHz field modulation frequency and 1G modulation amplitude at an output power of 8 mW. Mn(II) was used as standard sample. All experiments were carried out at room temperature (25°C). DPPH radical reducing activity of the test sample was expressed as Iϭ[(A 0 /A X )/A 0 ] ϫ100%, where A 0 and A X were the relative heights of each radical against the standard signal intensity of the manganese oxide marker in a reaction mixture and the test sample, respectively. The results were indicated as the concentration required to effect a 50% inhibition of decreasing signal peak height (IC 50 ) by ESR.
RESULTS AND DISCUSSION
Seven flavones 1-7 isolated from barley leaves showed similar results (Table 1) to those obtained from a previous investigation 9) by the colorimetric method. Since 5-7 (5: IC 50 ϭ21.1 mM, 6: IC 50 ϭ51.1 mM, 7: IC 50 ϭ25.5 mM) exhibited stronger DPPH radical scavenging effect than did 1-4 (1: IC 50 Ͼ1000 mM, 2: IC 50 ϭ211 mM, 3: IC 50 ϭ291 mM, 4: IC 50 ϭ 299 mM), the importance of sinapoyl and feruloyl groups for the DPPH radical reducing activity was confirmed. Furthermore, baicalin (8) having 5,6,7-trihydroxy group showed the strongest activity in the tested flavones (1) (2) (3) (4) (5) (6) (7) (8) .
Despite having three hydroxy groups, isovitexin (1) did not exhibit any activity similarly to the former experiment. 9) Since baicalin (8) has no hydroxy group on the B-ring, the hydroxy group at C-4Ј may not contribute to scavenge for DPPH radical. Probably, the hydroxy group at C-6 of 8 plays a role in scavenging DPPH radical.
Furthermore, nineteen flavonoids (8-27) belonging to six flavonoid classes (flavonol, flavanol, isoflavone, isoflavanone, isoflavan and flavonolignan) were prepared from some medicinal plants, Sophora japonica, Ephedra sinica, Cinnamomum cassia, Glycine max and Silybum marianum, and their DPPH radical reducing activity was compared. The results of DPPH radical reducing activity were shown in Table 1 .
The structure of flavonolignans, silybin (26) and silychristin (27), was constitued of a flavanonol unit and a phenylpropanol unit in analog with 5-7 which showed potent activity. However, the activity of 26 and 27 was much weaker than 5-7. Especially, 26 did not show any activity, although silychristin (27) having a hydroxy group at C-3Ј Fig. 1 showed moderate activity. The DPPH radical reducing activity of 26 and 27 was weaker than that of furulic acid itself. Accordingly, a,b-unsaturated ketone might participate in enhancing activity.
In the flavonol class, quercetin (9) having a 3,5,7,3Ј,4Ј-pentahydroxy group showed stronger DPPH radical scavenging activity than kaempferol (10) which has 3,5,7,4Ј-tetrahydroxy group. Therefore, the dihydroxy group at C-3Ј, 4Ј (catechol) in the B-ring of flavonol skeleton might enhance DPPH radical reducing activity. Since the 3-O-glycoside (11) of 9 exhibited similar activity with 9, the hydroxy group at C-3 may not contribute to scavenge for DPPH radical.
In a flavanol group, the order of reducing activity was gallocatechin (12)Նprocyanidin C-1 (15)Նprocyanidin A-2 (16)Ͼepicatechin (13)Ϸprocyanidin B-2 (14) . Although the trimer (15) has numerous hudroxy groups, gallocatechin (12) was slightly effective than 15. Similarly, the activity of dimer (14) was equal to that of the monomer (13) . Finally, procyanidin A-2 (16) was more potent than 14, despite the lack of a hydroxy group. Therefore, the number of hydroxy groups seemed not to be always important. On the other hand, it is almost certain that the position of hydroxy group (catechol or pyrogallol) was more important than the number of hydroxy groups.
In the case of isofavone, isoflavanone and isoflavan family (17-25), a isoflavan (25) exhibited stronger activity than the others. Successively, genistin (18) showed stronger activity, although the other isoflavone glycosides were much less potent. Generally, the DPPH radical reducing activity of isoflavonoid (isofavone, isoflavanone and isoflavan) was weaker than those of the other class of flavonoid (flavone, flavonol and flavanol).
The flavonoids (9, 11-16) which showed potent activity have a catechol unit in their structure and 8 has a similar feature carrying an adjacent dihydroxy group (C-5, C-6) in the A ring. On the other hand, less potent compounds 26 and 27 have a guaiacyl group instead of a catechol group. Therefore, the significance of catechol group on DPPH radical reducing activity was thus confirmed. 17, 18) However, the number of hydroxy groups was not to be always important when compared with the activity of 12 and 15. The position of hydroxy group might be more important for mediating potent DPPH reducing activity.
Various antioxidants are contained in most foods and medicinal plants. They are polyphenols, vitamins, carotenoids, and flavonoids in vegetables and fruits. The recent study on antioxidative substances in foods and medicinal plants is a comparatively new province. The digestion, absorption, biological activity and metabolic pathway in each food and medicinal plant is still complicated because a number of substances are included in various proportions in one plant. Meanwhile, their safety has been established to a certain extent for empirical and traditional use from ancient times. Therefore, the study of antioxidative substances in foods and medicinal plants will become important, and such antioxidative substances might be applied for treatment and prevention of human diseases. 
